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(57) Abstract: 

PURPOSE: A dielectric of a semiconductor device 
and a manufacturing method thereof are provided to 
minimize the pure fixing charge volume of a 
ferroelectric layer and to optimize a dielectric 
constant by forming a multi-layered ferroelectric. 

CONSTITUTION: A dielectric comprises a 
semiconductor substrate(1 0), a silicate surface layer 
(12) made of a silicate material formed on the 
semiconductor substrateO 0) and a ferroelectric layer 
(14) formed on the silicate surface layer(12). At this 

time, a dielectric structured 5) is formed with the silicate surface layer(12) and the ferroelectric layer(14). 
At this point, the ferroelectric layer(14) is formed by alternatively depositing two kinds of material layers, 
such as Hf oxide layer(18) and an aluminium oxide layer(20), at least one time. 
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SCI- □ B ^2^1 ^~ g El 311 01 M 313^ ffi ^EmiOlM £MI H^Sx^M 5tJt»- 

Q. H°2x-ll°^ *}0iE 15| JUCH^ XiM # Si SII2 #M 5£}t!0. 01 (HI [DEh TIIS^SS 

A|g]2r Of#E1 H£2xil^2] Sl*!5hAIU 4 2iQ. E£h #01 S?||^)J||2| §f£ 

^mis qs^s ssi-ii^m f^^£5^ s*jx-ii^°j igifs^f g^/jga wmn veas 

s IMsAIH 4 SAD. OlOfl CCr£K ±7}21 g^OI »flSQ. 

E 1a= B ITS 2| All fe'AIWKHI CGff ff£H±»2| 3SE0ICI-. 
E IbS B ^goj 32 MAIN Oil CUE BJ-£fll±7J2| B9E0ID-. 
E 1c= B ifgSJ 3313 g AIM Oil CUE BJESI±»2j B9E0IO-. 
E 2» g »9S| 314 £ A} Oil Oil M gffi»|£»2| E^EOIQ. 

E 3a LHAI E 3fe IT^OIh 4+»a« gSM^S A«sfe £^ ^ IH A| E1 £F tfEIS tfS^ffi °2x^| 
S|o^ A r g3h^ ^IHAIEiej C-V MSSOILh 

E 4a LH XI E 4d^ TflOlM *(l3Eg-g0fl EGS M@!±5G|E!±« nffl = «OID. 

E 5= gEI5£J-&S»- gy Qts*um AK)|2| #SJ»!E CH^ofe HfflSQID. 

E 6g ^El^ tf»S|- Qi 8f9DI& Ahtl-m-e xH^fe SH AlEiMCHI CHoKM TilOlM UKDIDi^Oil EM 3*1- 

E tf EI5 if»S* a Zrtb/AlJt2| »ft Sa»SJ2* OrlEi &5DI6 tfSW g gEI5 i+»SHH CH*> 
C-V SCH?£ □EH^OIQ. 

jmc c3—f —r — > 

B g-SS BJEM^WBJ 2 711 CHI Shtl- ^ol §• 3 Xlli^Wl StJ- 50IQr. 

SSjflSOfl SiOfAl, ^Xra 321^ H2^E S HS^§ S1S§^I ?loK3 ^O^IH SIQ. ^ 
>ilO|E °2xil^ ^^ti" SgtHIh 01^, Til 01 ^ o^jif^ ^JJlPh E^ eeh^ 
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±Ei2j ^§2^^ g^wpi misoia. m&M , ±xw g^i v&M9i?\ *iskw gft ohj 
ej- <y§igoi an s«oi ass no\= ss^s 501 gfinxia acf. 

1 tm^ ^. *jeis <ya^oi taoim ssa^s Argticn sta. 01s, 13 *;ei= ^ 

2HDI m^2J 71 SOU HH5r01 yg^OIJl #CH3£5 HI £3 SOI 2t»m?l HflSOIQ. 

□BILK fe'EI5 3.9 y« #2^1 gEI5 iTS^S Ol^OiS TflOlM £2 

Iflsa S£A|?IS DilOIIS Sli^ OHJEL ^1 Srg g£|s A^o*og 0I^CH2 >□ 01 

M SSasfs 1SKM HiS Til 01 M ^£2^0i] 7\?imO\ £EI? £=]J01 ^±M^\~ 2£ 

DigQ. OlDil CU-EK gEIS tf»S|SD ?W?U 5si ?Hfl All 4= as CHI 8SSISWI R=? 

HJl aa. OlEiy CH SI SaMSJSJ S^K+SSf ^JKJ CBDT; equivalent oxide thickness)^ ™Jl 

H71U $ 2iQ. 

OIS, tC&^§ Til 01 M SSflSj-og ArBSrS g°Oii, tftrSf^l 1E|S|2! £EI£ tf» 

^JJflMQ ^^#X|EFE £EI5 #»S|§ TilOlM SSfl|S>o S AJgirrS 4XHHI HIS KM §3 2^01 
SOI XI XI SK?| [LUPOID. Ei^l, TilOl^ <=g>il 71I0IM 2R1 HHEiy^rS g°> 

*W Ot^Sl g7rAI§ 4= SQ. OlEi^ ^ 01£E°j £?rS TilOlM *R1 nil Ely 5 rS §Sf Aj2|gg 
Oil 2J*H fe'EI57IS-OI k^EIS 21 »H**D. 

Ol tlH^OL °2^A f ^ g^#£H10l TiiOjM £ES 5HHBAI E1 S3*QStfHl CH^ CHSI 

ssssss asraoi stQ. S2£N£s gas #»ei2i sg^oti umo\ °m 4 

Si^H^ 4'EIS tfSrStflr gSt!" g?r£Mf^ ^JJfll ?m&M £EIS tfSWSO gE|5|£S □ ^Di£ 
=^Ai-th°|OI BKEH±»2| Til 01 M SSsil^ ££S 5HIHAIE1 SSHStSS ArSS 4 aa. 

HEiLK H^2 D 4°i g^^SMS 4'EI57I52F ^ m^HJ 7|^M AhgW UH 01E1^X|2J ^^IglM S 
£!D. Mil 13, £EI5£ ^^^miHh ZtEoWU H°2 s^^iHi ^ 

^Alol-S ^ITil tff^Q. [Q£Ui, ^EI^^IF S ^^^ff^ MO I CHI ^EIS 
SM^OI IS^HS, g^Fi.^ 1 - e^FEIOi ^AF°J ^^01 S^D. 

^ l EI^7IEH S S^t^Sf AhOI^J S!E110I^ MIS ^'E(interface trap density)^ g^h 

SQ. KfEI-AL ^XKcarrierjmsJ xB^ 0|g£7F SiSQ. 2^: M?HA|^E1°i S 

^ HI HOI 3-itlOi S± M^HXI^EiEJ ^^|g igf WuFAI&Q. 

^ ^^^^ Me.^ ^ehi [u-eui, s^^i-st^ ^^^/Eai°> s^khi 

[^Ai, LH Oil SP^ Hi 4 SiS ISSTII^ SS^}Q. 01 Oil QmOl/g^tf^SJ s^^i 

^'^l^h ^thEIOi ^f^S^ Qi^ »mA|&Q. Q^^L ^#51-^2] Ig^hS 7i*! SSM 

?>S §1 ?l ^OilAiBj y SfAhOil ?I°]5H3] §i ggOil SuhXI Sfe St^# DISQ. 

^Iti- Sfl|§e# oH1^7l ^lohOI 01S7I-AISJ AIS10I tSoli^ StQ. 0111 13, OR^ ^11 6, 020,024 
2z ft|EI55l5 a H°Sz-||°l AhOIOii 4'EIE ^AIUOIMEmiE°l(silicon oxynitride layer; SI0N)1 
^MM?\~ THAIoI-H, OR^ ^|6,013,5532S TilOlE o^jijmo^ §gu§ ^AILfOIMEFOIH 

5| iS A|S3L|g ^AIUOIMEhOIE°tl AFguFS 71^1 THAISJtLh 01 Oil QiUhOI, El • Ai -EI(PCT) ^ 
TiilM^^^ STHSs: WO 00/01008HS ^El^ ^El^ g ^El^ ^AlUOIMEhOlE 37«e| 

1 ?H AI tJ'Q. itt, DR^ m 6,020, 243HS H^211 ?>S A|S3L|g £E|E ^AlUOIMEhOJE^ 
E~ §£U§ ^EI5 ^AIUOIMEmiE°ll 7HA|*CK 

□EiU, OlElt!- g?lt> tHISrSEii aOiAi ^g^OIAI SorCh. Wll 13, H°2I 

S[ g 4"EI57I5 AhOI ££S 2^I D 4 S 1E|^E|^ T1I0IM 2= A|-OI0il THXH3S ^El? Itr^l ££S 
^El^ ^AIUOIMErO|E°T£ ?|t ^ ak EH interface state density)^ %m\ &tt21 e^SM ^ 
sA|g]Q. CCfErAi, 0|E^ &S1S xH^ 0ISE1 ^Al^lOi ^ArSJ gfeg ^orAI^IQ. Q^|, ^£| 
S Slfef iS 4'EIE ^AILhOJEEhOIE^M g^m^l SISHAiS ^CH^^^ 1SS0I fi^SD. 

gSSKHIS, ^Eie gSr^SJ SSfe^F ^ ! EI5 ^f^°l °f 1.5HH0il AIUA1 S£Dg g^|- 

Ahth°| ^))ill ^T^Ul ^AI?PI7F CH^H, 3 CHI ECJ-Ef ^Ar°J TH<5Ai?IS Ql g Elrl 31 4 

[CrEhAi , IStr S£M 3>S ?Hd3 £2fll^OI OlSol fi7EIH, 3E1ffllOI^ mgS\ WE 
SSSI^ g7^^°| ^J)ill &±AIS^S^ ^ArBJ 7H^AI^I7I ^ SSx-II^l ^^orS ^ 

01 fl^SD. 

S USOI 0I^H» ^rS 71^^ MS ^ Igtr^El ?>I2 gfSt!" 3EilOI^ mg£ §s 1EI^ 

3 ^jJiioi) umo\ ewti i»rs §7^r^ ^wn srs ns^ai^ 7^11 ^is^hs a aa. 

g ^SOI OI^HAr ol-S 7I#3 2WHS IStr^SEl ?>H gfH^ °'E110I^ IE 1 

El^3 cjjikhi tlluhOl 973^1 §rS §?j-Ah|^ c )M ^ 12^2x^1^ S^&^l «|g^S Ql 

aa. 



ag*CK 01 SSai^^5»IS ^EI^IOIM 71l3e(silicate interface layer) S ^| 4'EI^OIM 

71131- nssaafg StitJ-Q. 
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g ^S2J ^ A! Dfl (HI CCf^s, a^j u^jjfl^ av^ aj E j^ 0 |e og^A f 
SSQ. 

b»5|*0l£, #71 6IEIM0|E £EI?ilO|M ■B(M W SUMS gS*!CK CH?|AL g 

*00S oeug(Hf), 7323LI§(Zr), &M(Ta). EfOIEfe(Ti) E= gt?DI&(Al)BI ^ SO. 

^t^(v.-a), bst°j, pzt°i e= oiig za^m 5t*t>a. 





a g-goj o. o tEH01| jiogjfl^oj o S a^^ Hg^oKnet fixed charge)? I- £±S 

Q LH3WAL g V9SI QS ° c EH0iI [&gg, 2]E15ilOI± ^201 TBflB 4* 2H, S?k+»S. V = ° 
XIEI71U g^S ^ 2!C1K 

01 CHI EIS10L g iTSE] E SfEHOil C&sg, #71 8S»s« Q# SSt^SWI ?SE|£ £ 

£ i§^£2f %m\ , #71 Um=?£°\ saflS*2| 2| #s STH^JJilSQ ^2X1 SHU *rgSS7J S£ 

i 4> aa. oi oil im, ±xm «soi 7H2SQ. 

□ISL S^tl" E2#M S^uKS g «h«oj 61 A| Mill #AD ol £S^|-7I^ tMlK g ai 

Sti- HaSHS* ^3*11 S 3 *il£^21 XHSeNIK QSWI 7IXHEI^ £S0il SOIAI, ^§ LH^I 
~ a g-go, OlflS EHSK7I ?mO\ £SEICHXI = 30IQ. HE1LK SB 711 (HI Ai g#2| Xl^i# 

^STJEhS g ^301 Oil ^§ LH H!i Oil t^SEIXI QS ^EH^ £*IEIOi £ AI 1 4* SICI— 31 
2!XISK)|Qf tJCK as Oil Oil A|, U S§ EMI, W STBIS 4XF :?£ S » ITS*! 7ieM= s 

US 01 *H*!EIOiXI^ 31 EloPI ?|uh01 ^SI3££ ^SEIAI 8f£D. 

8 ^ h S^ UUfSj^ ^AIOIIM^ E 1 LH AI 5. m 7^ & OloBl' ^ 210IEK £3P 

Oil aCHAI, ggt^ SAI^! ^^M^ ^^fi^M UEhtfC*. 

E la LH AI 5. IcM S^FS, H S h S2J HHy^ill!" ^AlOIJlOil CU-Bf, S^Ex-fl ^1^(10), ^ £E\5 ?\& 
Oil ^EI^ilOlM mm^- Ol^OiS ^BI?ilO|M 7|I3#(12)M S^ttQ. £?\ ^EmiOlM 71I3#(12)2| = 
= ^ c 5 LHAI 10A2J g^|0| goi H^^^FQ. Etl", ^l 4'BI?i|0|M 7ll3#(12)°i S^^S fe'EIS 
E^ £E]^ ^AlUOIEEmiE^a s 20I U«S|*Fa. 

DM Oil, #7| ^EmiOlM 7U9#(12) ^Oil H°S 4)1 ^1 H^2^l^(14)§ aj E |s aj- 

□ s WSLK H^B^I^, a^| H°Sx«Sf(14)g 4^1 ^EI?ilOIM ^I9#(12)S 

^1 flEIMOlM 7fla«(12)S ^EI^OI^CM^Si^) ^^ofe 301 dh^6FLK Oj^lAi, & 

y\ 'M'^ ueLlg(Hf), A|23L|g(Zr), ^M(Ta), E^OIEfe(Ti) E^ ^DIs(Al)§ ^ S!EK 
HEiLh & ^ K S~ OIM S^#Oil tISEIAI SI3 g S! ^^1 LH CHI Ai g &20il SJtJtt Oilli 

fe^l 4'E|?ilOIM ?IIS#(12)£ ^^^o S 7|| 2 t> f ^AI^a. 01IM #3, 4^1 ^EI^IOIM 

71l3#(12)s ^P£g a^| noggiaff^) d« bH£xO 5(10) AfOISI 2j«IAI2JQ. 4^1 

^EI?ilOIM 7tl3#(12)s ^«EI5 a^| m i^o^ o hg ^ A^ EH g o^l^l-HS 4'EIE ^a^HI- 

^01 e^^^oi- gmRt! 711 3 #01 ^^£IAI Sr^Q. 

EtJ-, g l^gg SEH^I#(HI blufOI eiEiSilOl^ ^bh m E s ^AI^jD. 01 Oil CHoBAI^ £ 5 S £ 61 
S^o^Oj OhEHOflAi gm\ ^StPIS t^Q. 

SEH^IsOilAI, m=L|g Err AI^SLIg ^^01 SSai^S Ahgg EIL gJ^FAl ^E|9il 

0IM°»-0| A|-3S?£M S^EIDl, fe^l ^EI?ilOIM°»-2| a. E( s 5. HI M XilOi^fe 301 M^ohEK CD-Hh 

ai, B?i&±t*t5mm mmyH9\= aoi ^^^ok:k qai b^iai« ^^ibj e^^^^oii hi^foi 

mimt^ ^11 2f^A|?|^ 301 M7l^£ ME, ^^I2j s^^a^ei ^JHIM HLH^ ^Al^fe 3 E 
tf CHSQ. □ UO^K °'ElJiilO| a Eg g^|:£|0j m^ 0 | WSfgQ. 

0] CHI o^&hOl, g E f S0il 2UHAI, ^| 4'EI?ilOI^ 7H3#(12)1 £JA}-# garga£S ^^oFS, fe^l 4' 
EI3II0IM 7J!S#(12)SJ 5JJ0 S ^E|^ *JSKr 301 ^feohQ. 01 Oil CO-EL ° 

Sx-ll^- ^5x-ll(15)2] sl^f^AI^ 4= SiCK Qi UOPK S^WI Ah3 ^EI5flO|M#0| §g 

EIAI TllS^Sg 7H<^AI1 4 21Q. 



XI 



01 Oil DolO), gEH^iaih CHblEI^ bhEl- SOI, ^tF^AI^oi aj E| s xi^o o C 7 gE oj o^mah ^ 
^ Oil S^hOI g ^SOil CI>M ^EmiOl^ 71I9#(12)^ ° f 10 LHAI 12 §E2i ^CH^^S 035 
o4i ?>^Q. [Q-EI-Ai, gEH^I0Oil Hl^hCM Ey^f^ k ^JJIIl &^AI1 4 S!Q. 

Eth, ^EI580|E 7II3#(12)S 900*cEi HgOIIAI g73EI SSI ^'AI^AIEFE aj^^o^ Uj 
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S§ #EH1 SXI^Q. IIFEIAI, ^El^Oie 7H3#(12) LH CHI S SB 71 71- 7|2J £5#£IAI ^£E5 ^ 

essi gf^Aii ^ ach 

HHf5|S*7fl=, #g*f br2f g-OL #71 ^SIMOie 70S#(12)S gsf ?\^m H£o\G\ ^# 

t*Q. COErAL S i'S§ feS g ggOl fi^EI- gEH^iaa^ &EI teTg g £AluF^ 201 

7rs§Hlh □ UOWAL £JXF# AF§*^^, Q8*J S^ffl (precursor )10| ArSi' 4 2! 

a. 

#71 £E|?F]0|M 7fiS#(12)l *£Sr7| SW# 37|a? £E|^ ±± s t*± 

CHt> S§ 9! Hi Al( purge) §§t gig-O^SA! aM*S!££ gAI 2tSl ^ SICK 

#71 £EI5flO|E 7ilS#(12)# A1^3L|g 4'EI?il01M#££ **£m~ S^M^, AFStF 

A|23Ug(ZrCU)OI ±±£M Ar€l' ^ 2!CK 0I2F Ettff7KIS, #71 £EI3I0|M 7BS = (12) 
1 tlEUg ^SI?iIO|Egog «gs r = 3?M&, AFS^F SKL|§(HfCl 4 )0| ^^^A1 Afgl 4= 
2iD. ES>, #71 SihL 7^ E= Si C UKr 7F^1 StrtHL #71 tf± ^g7l(H_-0) 

E^ ££(ozone)l 5^ 4 £[LF. 01 £I(HIE, S IJS2J AF# g ££1 LH CHI Ai s ej-g CHI 
2^*11101 ArSl ^E °!QK 

CFM »g££, £7ls^ £W7l#g^(M0CVD) 7I§ E~ S!-g« ±IHEig 71 #01 ^JJll S 2gd| ^3 (HI 
Ai #71 SAr# g*T 7I#]U 4*5££ £§oF= 201 7Fs*H:F3, #71 ^EI^OIM Jigg- 

o 




#71 "R'? C-HsS UErtfQ. 0| SUMS, 5^L|§ £^Ai Hf-t-butoxicte7F ArSl 4 

212, X|S3US ±±SA| Zr-t-butoxide7F AF£1 4 °!LF. E£f, £EI5 4r^^A1~ E1IMEh(HI^A|£^ 
AFSB2! (tetraethoxyorthosilane) E^ EHMEKHISS^gEIMOlM (tetraethyiothorsi Mcate)7 r AfSB 
4 SICK 

DAI #71 asaa 5|(14)2J «SM DttfOI 4 k 0I£3, #71 2^2|X-il°l(14)^ ^5F°^^ ^#§fe 
201 H^ei-Q. #71 S^^tF^ ol=U§ ^tF^(HfO r ), AI^HUg ^IF^(ZrOO, ' 
^SrSKTaA)- ^Om ^^(ALA), EFOIEFh tMBSKTiCU), 0|^E|g tm^A). BSTSf, PZT^ S£ 
^ ^#^F^ 201 HF^uFD. 




AlU^^^i 4'AISQ. ££t]". #71 =^a^e|S =^9jf gsTAI7IH #71 g^°l# &± ^?|7KHIA1 01 




EmioiM 7«3s ^ tyEus tm^m xtmci 

€}B $1E, #71 ^'EI^IOIM 71l3#(12)m AI^3UM ^EI?ilO|M°^^ ^#uF= S^Qil^, #71 12° 2! 
^iJ^(14)g A|25L|§ ^tf^£S ^#oF^ 201 dFe^oFQ. Oil §°-CHI SlOiAl, #71 ^EI^IOIM 7\\ 
3#(12)2J g^OI #71 ^^5F^(2^2!^^; 14) LH (HI g^HF §^FHS, #71 ^ El 911 01 M 

7flS#(12) ^' #7| H^25ell°|(14) AF0I2J 7113 OIM AF0|2j 2}7|^°| g5h# LHA|~ ItWOfl 

7l3oF0j ?H^1 4 SiQ. 

EtJ", #71 oF^LIg ^SrST# ^?0ls SAF#S E^SAI7I3, #71 uF^Ug ^F^OI ^2J 1 
m 4'AI^F^ gy ISsfEl^ 21 ^AI^T 4 °iCh. 

##*»■ HF£F ^OL #71 ^ 4'E|?ilO|M 71I3S(12)2J S2#4= 3 LH^CHI ^EI^BJ i^HIM 

BfihAIBSS* 2§1 4 SiCF. S BSWAIfe #71 ^EI^IOIM BB(Mi.,SUt)2| ^El^ 5#bl3 
x*7|- 2f 0.3 LH AI 0.991! W Sl^2J SOIS^ 1SEI2D. 

B l h S2J ^ AI Oil (HI [EF^3, #71 H°-2x^(14)£ £ lb, E Ic S £ 2HI HH2F §"01 CF# 

2| qi^M 201 dF^uFCF. 

E 1b, E 1c S E 21 SZEtFE, #71 H°-2*1]^(14)~ =§soj 1§ qv ^ eF£LI§ i^5r^(E^ AI 
SSLI§ iT5FS[; 18) S ^Ols <^sF^-(20)# Ai^ ^)^0F7F3A1 30iE 19 a^^^S ^#AI?10| 
^#§j-CK COAi, #71 ^DIh ^tr^(20)S J2°2j^|°^^A1 ir^Ols ^tF^# 9.± ^^CHI 
CH^ Ai^EF C-V iili SOI^^ E 3a LHAI E 3d^E1 ^ 4 2i50| ^E|^ ift^KHI dluFOI Em 
^ S(-)3 H§2tF## ^LF. CFAI SoHAi, ^Dle d*fifSf2| M^«HE 2^ ^(+)2J >ilO|M S 
^ Stf# t^FOI OlgllQF. 012^ E 4a LHAI E 4dQil MOtS dF£F ^01 M(-)2J 2§?3§H0I £XH 

^5(HIAi2J EEH^sQiEj^ (trans conductance)^ ^0FA|^ 12F1 ^BH^F^ 2^S 
SCF. 0|2F^ ^CHM, uF^Ug £j-iF^ AIMS LI § ^tF°IIF ^ a^F^ ^E|^ ^fr^CHI 

uioF« ^(+)^i ng^oFme lh coefai, b ^soi chs ^^seichi ^gtiAi 

^ ^1A| EFE, S gS3S #71 ^DIs ^F°| LH°4 s(-)2J USSuHOI 5F^L|g AI 
s53L|g <^tF^2F 1^ ^SF^ LH ^1 Hg^uFMOil °J^H fi#l 4^ SCFH ^~CF. 01 (HI CtF 

EF, oFELIg Ahf^Dv c£^ AIS3LIM ^5F^2F g^^^ ot ^=Q|^ af^°^ IHCHM ^SAIU 

H^^l I2S2xll^(14)21 2§Sorif(net fixed charge)^ SitFAIi 4^ SiCF. 

a oKgoj t£ ^' AI Wl (Hi UFM3, 383 JfflSK 14)2] 5l#^S(E 221 22)? &?D1h iff|.s^og 
oF^ 201 bF^^oFLF. 01^ ^OIh ^fPf21 ^#l(heat of format ion)OI AIMSUg E^ t[ 

= U§ ^5Fe|2| ^^^SLF 371 UilSOIQF. CW7IA1, #71 ^#1? CFS 11HF &§SF^ Q| 
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OflUXIl 2|0|*ttlK DflM m**, 271 ST^Ole 4f»B|2| SSSS -1678kJ/mol 0112, 291 X|S3L|g 2" 
K m^LIS ^2S»5| «2§£ ^ -] 100k J /mo I g -11 22k J /mo I OIQ. CQEfAJ, Til 01^ 2^1 § 

2^r7i mm 27 1 w^oih tfsw 2011 gEigEiseus 2°i 24)# «2i. v xiEfE, 27 1 u#di^ 

d«W§ 271 §a^EI5^(24)SF SSSWI SfeCh 01 (HI CQEh S ITgOflAie, 3£2x«^ S >flO|B 

7119^21 thsaiu ^ ach 

01 0|°1S 2.W0I, a g'gOflAI^ TilOlM 2^# ArgSrXl SW2 MEl^EI^ >ilO|^ 3=fi A|- 
§W 4= 2iD. 12r*}£S, 7H0IM 2^ ^S0il SiOiAi 7i£uti yEj ArgEiDi^ Afl±S§f W£V $ Si 

Q€ t>83, 271 gEIHOIg 71I9#(12)m XIMSLIg gEIMOl ESfog *^r£ g^(HI£, 3 ?IM S 
2EI^ H8S»5«14)g A|S3L|g tf»5|- S! W^Ole tf»S« H1CH£ 3#A1?I01 ^2^~ 301 
^'ohD. 01 S^Oil, 271 gEIMOlM 7flS#(12)2J g^0| 271 4rJ&eKJ28aa^; 14) LHCHI t,^ 
S S^lh SUfttES, STAf gg£J UKh SOI 271 ^ El 311 01^. 70S #(12) g 271 3S2xlI^(14) AFOI 
7113 Oil AK3I2J 27ISJ2! gSS LHXI- gtJ^Ofl 7l2!ofCM 7H2! 4 SJQ. 01 & 0F&7rX| 

271 ^E|?ilO|M 7||S#(12)1 UEL|§ gEIMO|ESf£S wgs^ g^CHI = , 271 3°23i^(14) 
s §EL|g d+aev qi ^s D |g Aft(.Dv^ jnCHS 3#A|7|D1 «2Sfe 201 HHJ3!SK>. 

a g-go, o, o CEH01) [[f E3^ 271 HSSaiet(14)2| IS^ 2£S £ lb, E 1c X £ 2DU 3012 
St) I £r*L|g &II £+»S|, OlMEIg a^°| E= A|S3L|g 2£^2r ^ £T»S^S 

*<2£! 11 #(18) 5! ^Ols £J-»Sjog egg #(20)O| aIBIS £!" ^ a^Sff *}OiE 

ig B«a|23 ««t*£SAH §7WI! ^> SICK 

271 Sill a «|2 ##(18, 20)2J = «£ 2* 2A LH XI 60A2J S£I2! 5201 dUfflSIO. Hh^dMI 

27i an s a 2 #(i8, 20)isj ^ ioa a baoid. 271 sii a 12 ##(i8, 20)2j ^ 

1)11 7 h 271 g^l LH°J ?>~ S^OIL OI#°i cjjj- °^X-1I^CHI b|5h01 g7H ^ 

#2"^£S, ^Dig s3 SSLIg S^Ofl, 3 22J IgsF 600*c LH Al 80CTCOIQK ^2 

£h S§1 ^(furnace)M AhgoFOI 2t«% K UK, H £g 800*C LH Al 850*c SCI- ^2tf 

m g«EI §§§ Al-SohOj 3*S^ EM, □ S§ 900X gEOIQ. [LfEhAi, 271 BH'ShHU 

g 271 g«E| Sge £Am= goj- ^j^j ggsf7|. 01=011' ^ a^HS ^^S^7h S7FS 

CK 

HE-ILL 2#*J B ^SOil C[f^3, H°2^|H|(14)2J ££7f SEH7|#[HI Hi^fOI §7hE|0i ifgS 

^Al^ 4^ 017IAI, 2 A~ E^JA^Sj 7IB ^IJilOiH, 60 gTHEl 5g §2t 

HFS (popping) fi^fej 'Bt^S ^AIW 4 5|CH ^JHIOIQ. g BTllOilAI ^ Hh2|- ^01, 3^2 

XI ^2oh^ §^ SSSil^" LHCHI oF0IE^4' (hydroxy I ) S2ArM^ ^ Oiyg Aj CHI ^W 

^2# SaAl El L} . 3 s2K ^Sx-il^OI £2EICH 3 LH^CHI ^(hole)M yZIQ. OlEltl ms ^2 
01 g-^ra, MEI^EI5 7110IM 2^^2^§2I- ^ ^SM DH° 01^711 

2-71 M2 #(20)2j ^JJII^ 271 M) #(18)HJ =))||2j °f 1/22J 301 H^^I^FQ. 01^, 271 ^Ols & 
LH2J E^l ^3)1!^ 3 § 2^01 oEUg ^^1-^ AI^HUg ^fh^ LH^J E^l 3§2 

arera 2uhej &a7g °i7i uhsoiq. 

EEtl", 271 12 #(20)2J 2xO^J)ll^ 271 3^2x11^(14)^ 2x-H^J]j|2J 1/33 □ 3X1 201 UFB'Sj 

OlEiHi ltf° 271 SI 2 #(20)01 t^L|§ ^5r^E" g^CHI ^Al^l S^^Q. 271 tlEUg 
^ °224^(k=30)^ 271 i^Ole ^t^2J °2^(k=10)2J 3HHCHI BtfCh CKFAi , ^4 3§^^h 

27i nsaasKi4)2i sai^msi ^ 33x21 201 uFBsism. 

£ la LH Al E IcOil 3012 ^EIS 71^(10)^ s AF2 a ^^l LH CHI Ai 39^ UH £°§£i gE| 

^El^2h «^X]| SE^ E2x||^ 4 SiCK □ UOWAi, £ 20il 3012 #EI4'EI5^(24)g Qj|SEI^ 
X^J TilOlM 2^ 2^ THfiHAlEi 2^^' ^5. SQ. 

E 5^ 3^2xll^^Al ^DIh tftF^M ?5(HIA| I?H^qgA oi ^ejjuhc *joh 

Aj-0|EJ E^IM 301^^ 3EH = 0IQK CH7IAI, 71^01 E|^ AIS^ ^2xll^^Ai ^EIE ^ 
^ixllOIQ. 

271 S± ^^x-IH MSj^5^S^= 3^2xil^ LH^J 3§2§HtHI g*Fg BfSD. ChAI ^oHAi, 3§ 
S^hSfOI M?H^^S^^ Si^SESJ TilOlM 2711 CHIA12J ebh^^^e^^ h 

§2oHCHI 7l°iuh^ M# ^?HEiH (coulomb scatter ing)CHI ^S^l^^ gt> p # 

01 SQfl SOIAI, SEH7|gOflA|^ tm OI^EM &^A|?|^ MM ^HEIDl ^^A|7|~ 3§2o^ g«| 
§01 #^5l 3EIEI71U ^SEIXj SStD. 3E1LK H ^"S (HI Ale ^32101 3E1^ SSISM ^2fuFXI 3" 
3, 2-^t! brEF ^01 S^Ole LH^J g(-)°J 3§2§rlfl tl±L\g Er X|^3L|g ^ 

tr^ll- ^ LH^l 3§2oHf£g 32tl~ 2^ S2x-||°| ^^Xil(15)l gTlli,^ 

SMI 271 3§2oF gimm 22r^£S tHl^Q. 

E 5# QAI §T5o|-3, M^ffiE 2S^1 OISSOI 0 ^?Ols 5t^r~ £± 7 

^y^^^S^e 012o| 715 2^ ^ixi|21 eeh^^eh^^ ^|q. oiEltl »0I£ °'Ei 

iHIOI^r eg o. £M ^|otehQ. oi SIEIIOI^ §3 e£r E 6CHI 3012 2Sf§S 2^M A r go|€l 7112" 
1' 4 SICK 271 °jE-|iHIOI± ebh ^1^(10) S 32xil°|(14)^ AWICHI =^ ^EmiOlM 

E 7# S^SrS, ^El^ 71 ^ 2CHI 30A^1 ^11 S 40A2I ^JJflM ^=01 s 2" 

^#Al^i a (HI [LIE C-V £EJ5 SSM^S A r §3|- 
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= §EH°J SL± ?\°\ §gj*J- mgW S2iQ. DAI irtflAi, S ^S(HI [QS 2± ^2xil2J MS 

£?2 S± ^2»2| ?\2\ SHShCh 13R£S,e.^2J g °fEH0{| [[} 

§3, 1252*0^(14)2] 2SS*HFe S|££FA|?|£ 201 ^hUO. 2 7CHIAI XET'^ gifg 
^{(capacitance equivalent thickness)^ 240|UrS ^IHsLAi ^fXf^^l s2f( quantum mechanical 
effect)?!- 5tJS 2T0IQ. 01?|A|, gOTSW s2r^ 40ASQ £££ ^OilAi ^E^A|>il tt£*t= 2X r °J 
I0§2CHl 7l°!ofe 21KDIQ. [Q-ErAj , ^)HIM MQ SSfSI §g5r?l SloHAi^ 3ZHHI 

HHaAi^Ot fcJD. gjUSjSS, 2 72] XET'~ S»ew HHaEIXI S~ =)MI1 2JD!*r 

6 V S£!" Hr2r S 4'AIDJIOfl [ESS, Cf#2| H^2j^l°l(14), OHM #3 ST^DI&SHU SMI 25 

LHXI 3C£J ?fe Sr£LI§ fiM&Sf 2= 20 LH XI 252] SS4^i SI& Xi^SLIg ttZ^W HL 

CHS 3#AI£i Cr#2| «g*»-©£*L J2S2»SK14)E| USSoHfg g4»AIS2r Oh 

□ U0WAL a V3H CC^g, Tfl^Mg^ JH^AIIi 4 StU, gtr^OlU £IEI^ ^AlUOlMEr 

0|2°l2f S-s 7113= 2= KOI ^3 £E|?]|0|E°m Ar§5r= gBfiej °2if4 7 5 Oil HISKfl 

l?rtf»S| ^fflll &£AI1J ^ SID. DAI IJoHAI, *SI5 2^ g£15 ^AIUOI ^ BHD IE °|£[lr 

s Sfe 4'EI^IOie *I3#(12)IU HSSH|S>-(14)g 5^A||j£g^ ?H££] 7112^221- tHM 

01 Oil Q5I0I, ?2H, ^ 2f #01 S7ll^3}|l°J = 2 XI 3S Sr£ OI^OIS D* 

^zmm n^2!x-ii°m :qs2x-ii°^ igm^2i s?wb ^ sjg^ 

S±AIS ^ SiCF. 01 (HI [DrEK dLA r 2] 7H3AIH 4= SO. 

i astro. 



rsrj 

1- ^EI?il0IM 7j|S#J a 
g^tT 2. X1I 1 tKHI SICHAI, 

3. X1I 1 *KHI SICHAI. 

g^tr 4. n 1 tHw sichai, 

g^ 5. a 4 *M SiCHAi, 

^1 4'EmiOIM <M2^2] 4'Eie ^^Hl x'^ 0.3 LHAI 0.992." 2# ^2x||^#£J 
Q# 75x^1. 

g^t»" 6. Xil 4 *KH! SICHAI, 

^71 ^EI^IOIM ^^°^J 'M = oeUg(Hf), A|S3L|g(Zr), &l K §(Ta). EhOIEfe(Ti) SL> 
^□Ih(AI)SS 01^013 S 3g CH^ §HJei 211 ^S^S &25fl^WEJ Q# ^x{|. 

g^ 7. Xil I %W SICHAI. 

4^1 £EI?fl0|e ^|3#g £JXF#Ssr(ALO; atomic layer deposition) S^IS^ 
tr*^l^e^(MOCVD) ^|# 2~ ^fflEiH (react ive sputtering) ArgmO! 

g^?S 8. a I tHM SIOiAl, 

^1 ^EI^IOI^ TllSgs 5 LHAI 10A2J ^JHIM ^ 3J# ^3^^ 6rS ^2x^X r BJ Q§ ^ixjl. 

g^* h 9. a i %m sicHAi, 

g^S 10. a 9*HHI SICHAI, 

^1 ^ iftr^s sEU§ ^tr^, AlsSLIg i+5h^ &g"S ifsh^ ^DIs i+sF^, EfOIEfe i!" 
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SO. 

g^?* 11. X0 9*0)1 2J01AL 

271 3*5 tfSr^S 3W#gsr(ALD; atomic layer deposition) ?l#, S7I3^ 5r*7l2§^(M0tVD) 71 
a £££ fi^S ^ffl El U( reactive sputtering) 71^1 ArgorOl ^25r= ^.m 
A}2J D§ ?2a. 

g^* 12. XII 9*011 Si 01 A), 

291 4'EI?)I0|E £EI?)|0|M ^Ir^OIJO, 271 ^ ^EI^IOIM tfir^ LH2J g^s gy\ 

g^* 13. xu i w» ssoiai, 

271 383a SfS 30)5E Itl 2&-0r7rSAI BWj©3 ai § qi ^ 2 #e SWhS 2# 

«w M. xii 13*011 aoiAi, 

271 X)|1 Sr=L|g £»»2f, £*M tf»2f, 0|E£|g a^°[ AI^5iU§ tf»SHJ|al. 271 M2 

«W 15. n 13*0)1 aoiAi, 

271 XiM #£ 7311 USSSrg 271 M2 271 XiM USSSfir ^CH°J *02 USS 

off Sfe 21 ^925 5r= »£a£»2| Cr# 

«TO 16. XII 13*011 2ACHA1, 

27 1 XII 2 #2| S=J}||^ 27 1 XI1 1 £=J}||2| 1/2° I 2# ^3£S Sr= BEa±»2| Di ?2H. 
g^t IV. XIU6*0II SiCHAI, ^ 

271 X1I1 #2J 10AOIH, 271 M2 5A£! 2# ^S££ 5r= BEa±»2| the =? 

«W 18. Xil 13*0)1 aoiAL 

271 XII 2 #2] Sxll^JJil^ 271 USSxil^ ga^BISI 1/301 71 LI- USD Br= 21 Bf£ 

19. XII 13*011 2JCHA), 

27i ussai^sj a2¥#£ s^ois ti-f^ej 21 ^g^s m= s^Ea^xra as =tz.m . 

20. tfEIS ItRISQ □ s £22^M ^EmiOlM *I3#; g 

271 £EI?)I0I^ ^-CHI ?l7:|§fe 5*& hEI , g?\ USSaievs ^CHE 1SI S^Or^l- 

3A1 XiM # a 7312 #M 5*SrI2, USSxII^S ^1 ^EI?ilO|M ?1IS#MQ 

□ ^ ss^i ^ 2M rn^s.^ t\~ &zm±xm cm ^zm. 

g^* 21. XII 20*(HI SiCHAI, 

&y\ ^EmiOlM ^EI^IOIJE tf£^(M w SLO_00|H, ?ilO|M m^S] 

' M " — Ur5Llg(Hf), XI^5UM(Zr), ^sM(Ta), EfOIEfe(Ti) g W^OIs(Al)^^ 01^012 ^ 5^ 

g^* 22. Xfl 20*0)1 SiOiA), 

^1 XiM #~ oEUi £^gv, Eh^s Ahf^ OlMEIg AI^3L|g ^l^OIH, ^71 X1I2 

g^*23. X1I 20*0)1 SiOiAi, 

fe^l X1I2 #2J =)B|^ fe^j X1M #2| ^JJ||2| 1/22J 2i f§£5 ofe SE*H£Xr2J D# 
24. X)| 20*0)1 SiCHAi, 



^1 Xii2 #2] Sx-il^J))!^ £J\ H%m\\^ SSI^)DI2J 1/30|7)U USD ^ 21 M ^S^^ or^ Sh£ 
a±»S| Q# 75X-II. 

g^* 25. XII 20*0)1 2401 Al, 

fe^i nsaais{-2j m^nm ^a^a. ae is£^ ^ y£fli±A r 2j a# ^^ai. 

g^?* 26. ^EmiOl^ 711 3 #1 *5oh^ 9-711; S=' 

^1 fe'EI?ilO|E 7|IS# 2-0)1 USSai^l B71I1 5t*^r= B>ExII±Xr2| D# ^^x-il SSS" 

g^* 27. Xil 26*0)1 SO)Ai, 
271 *2ofe sn = 
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xm afe xin mm ^2o r ^ ewh; si 

27i m\ m 200 ai2 #1 nsm^ b?os swkl 271 x-02 §s 271 a jgf gaist bkheis ^ssi 
X02 ami 2# e^E«i^»2j 

28. XO 28*KHI 2KHAI, 

271 »1 Sor= g(-)°J 271 X1J2 SSfe Stf+jg HgSS^oi 21 i§£S Sfr si-sx-d 

29. XII 27 ti-Ofl SiOiAi, 

291 XIII a Xil2 #1 3CH£ 151 ^2o"r^ 21 $1= *!5LXi\±XW D# :?2SI Sg^-g. 

30. a 29tMI SiCHAi, 

27i usaasfsi a^wss swoift #»sj-£5 21 igog §^ bem^jjsi cm =? 

31. XII zs*m aCHAI, 

Xill ^11 X1I1 #1 EM; 3! 

271 Xill # 2WI XII 2 #1 S2oh^ BT^IM StrtKI, 271 Xil2 X1I2 *=JJ|I1 3>H, 27| Xj|1 g X1I2 
= 2A LH XI 60A°J 21 ofe BhfficU^T^ QS :?2» 

8W 32. Xil 31 fcHHI 21CHAI, 

2-71 Xil2 #2] Bfll^JJIIfe 271 j2SS«|St2| 3H$m°| 1/301 71 U 3 SCI- US 21 Sfe gj- 

S^* 1 " 33. XII 31 *mi SIDfAl, - 

271 X1I2 #2J =J)fl^ 271 X1I1 ^JM°J 1/2°] 21 tl£ SJESI^»2J Q* =?ZM 

fcH 

g^tJ" 34. Xil 31 *HHI SiCHAI, 

271 Xill t^Lli tfiW, OIMBI^ X|2SLI§ *T»S|-£S S«&KQ, 

271 XII 2 ^DIs tfir^S §25 r = 21 ^S^S ofe B£JB:&»2| Q# SS^E. 

g^35. XII 26 4NHI aCHAi, 

271 ^ElfllOlM 7^1 3 #~ ^ ^'EI^IOIM tf^CM^SuOJ^S t!2or= 21 i§2S uh= Bh£H± 
g^* 1 " 36. XII 35 tHH 2J01AL 

2-71 gEIMOlM tt&s,^ £'EI5 £2HI 'x = 0.3 LHXI 0.9901 12, 271 £BI?ilO|M ^tJ-^°J 
M'S m=Llg(Hf ), X|^3L|g(Zr), EMfg(Ta), EhOIEFfe(Ti) §! I^DIh(AI)^ 01^012 g 
5§ ^ E -^& CHln mU£! 21 ^925 ofe a^ai^SJ ^231. 

g^ 37. XII 26 %m SltHM. 

2-71 ^EmiOlM 7II3S1 ^2^h^ BTll^ SXh#e^(ALD; atomic layer deposition) 7l#, S7I^^ 
tm7l2S^r(M0CVD) 71^ 9i"g2 El H (react ive sputter I ng) 7I#1 Ar^UhOI ^Mt\~ 21 

38. XII 26t> h 0il SiOiAi, 

271 4'EmiO|M 711 3 #S 5 LHXI 10A2j ^2u^ 21 S|~ S^JE^I^XhSJ Q§ ^^x-il 

O D O tzi i 

g^?* 1 " 39. Xil 26^011 SiOiAi, 




2j q# ^^^i ^s&a. 

40. XII 39t^(HI SiCHAi, 




Xf°| . 

41. XII 39t>HHI SiOiAi, 
271 ^EI^IOIM ?1ISgs ^EI^ilOlM Ahth^og ^^m, 4'EmiOIM a^^oj 

271 3^ iTSrSfSJ g^tl 21 ^S^S tt^ Llm S2^ V S. 

g^tl- 42. 71 
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#71 715 £MHI ^EI^OIM 7\\^m: 

#7i ussai^ sss tboim 2^; g 

#71 WIM S=2| °f SBJ #71 ^i^KHI ^#£! i^/Eai2! S^l Sttffe M?HXI^E1. 
g^tJ- 43. a 42 t™ 2J0IAL 

#71 a^°|0|H, #7! 7J0IM MEI£EI5^§ 21g 

S^tJ 44. 715; 

#71 715 #(HI ^°7ilOIM; 

#71 ^STHOIM #W £EI^OI^ 7tl9#; 

#71 ^bi^ioim #oii sgg iqsssis*; a 

#7i asaasf #-chi uss xnoiTiioiM a=i bi?i^« wisei^xk 

45. m^S^J 
#71 SWS^ #Oil gei 21101 M ?03§; 

#71 ^Ej^lOI^ SISg #0{| g#£! USSaiaf; S! 
#71 USaae,* #CHI §#*! 6WH^« SfcWfe BK»I±»S1 7j in Al E1 . 
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